Abstract
Introduction
With the improvements in technology and techniques, retrograde intrarenal surgery (RIRS) has gained considerable popularity in the treatment of renal calculi. Initially, it was used for the management of small-sized (<2 cm) stones (1) . Its usage has been widened with the growing experience and the innovations achieved in laser technology. Stones larger than 2 cm began to be treated with RIRS in suitable conditions (2) .
Multiple kidney stones are observed in 20-25% of patients (3) . Percutaneous nephrolithotomy (PNL) is the primary method for treating kidney stones larger than 2 cm (4). Despite the high success rate achieved, life-threatening complications associated with PNL may arise. Multiple accesses may be required for multiple stones (5) . Accordingly, renal parenchymal injury and bleeding might be seen and the postoperative comfort of the patient might decrease (6) . RIRS can be used in patients having risk related with anesthesia, bleeding disorder and in patients with anatomic abnormalities who are not suitable for PNL. This method is also used to reduce the potential complications.
In our study, we aimed to compare the efficiency and reliability of RIRS and PNL methods which are employed in the treatment of multicalyceal stones larger than 2-3 cm in our clinic.
Materials and Methods
Data of the patients, who underwent PNL and RIRS procedures for kidney stones between 2012 and 2016 in the Urology Clinic at the University of Health Sciences, Dışkapı Yıldırım Beyazıt Training and Research Hospital were retrospectively evaluated. A total of 64 patients with multicalyceal stones measuring 2-3 cm were included in the study (36 RIRS, 28 PNL). Patients with bilateral kidney stones, ureteral stones accompanied by kidney stones and those who did not have computed tomography (CT) images were excluded from the study. The patients were informed about the treatment methods. The council, which consisted of the authors of this study, decided to apply RIRS (group 1) and PNL (group 2). While making this decision, history of antiplatelet treatment, presence of obesity which makes prone positioning of the patient difficult, and preferences of the surgeon and the patient were taken into consideration.
Demographic and operative data of the patients were examined. Preoperative complete blood count, serum biochemistry, coagulation profile, urinalysis and urine culture as well as sensitivity tests of all patients were obtained. All the patients had preoperative sterile urine culture. Stone burden was calculated in all patients using the longest diameter of each stone on kidney ureter bladder (KUB) graphy and ultrasonography (US) for opaque and non-opaque stones, respectively. The total stone burden was calculated as the sum of each stone size. If any, intravenous urography and CT of the patients were also taken into account. Prior to the procedure, written informed consent was obtained from all patients. The operations were performed by the same surgical team in the same clinic.
A 7.5 French (Fr) flexible uretero-renoscope (Flex-X2; Karl Storz, Tuttlingen, Germany) was used in RIRS procedure. A semi-rigid uretero-renoscope was inserted into the ureter and a 0.035-0.038 inch hydrophilic safety guidewire was placed under fluoroscopic guidance with the patient under general anesthesia in a modified supine position. This procedure also helped us achieve urethral dilation. Later, a 9.5-11.5 Fr or 11-13 Fr access sheath (Elit Flex, Ankara, Turkiye) was placed over a hydrophilic guidewire. When an access sheath was not placed, the flexible uretero-renoscope was moved using the safety guidewire and the kidney was accessed. When the stone was reached, fragmentation was performed via a 200 mm holmium:yttriumaluminum-garnet laser probe (Dornier Medilas H20; Medtech, Munich, Germany). During the procedure, 8-10 hertz frequency and 1.2-1.5 joule power were used. Fragmentation or dusting methods were used according to the preference of the surgeon. In line with the intraoperative conditions, a JJ stent was placed. The time from the beginning of the endoscopy until the placement of the JJ stent was calculated as the operative time.
In PNL procedure, a 5 Fr open-end ureteral catheter was placed into the ureter under fluoroscopic guidance with the patient under general anesthesia in a modified supine lithotomy position. Later, the patient was taken to the prone position. Under fluoroscopic guidance, percutaneous access was achieved gözlenebilecek komplikasyonların azaltılması için RIRC tedavide kullanılabilecek bir yöntemdir. Çalışmamızda 2-3 cm boyutta taş yükü bulunan multikalisiyel taşların tedavisinde uygulanan RIRC ve PNL yöntemlerinin etkinlik ve güvenilirliklerini karşılaştırmayı amaçladık. Gereç ve Yöntem: Çalışmada 2012-2016 yılları arasında multikalisiyel ve 2-3 cm boyutlarında böbrek taşı olan hastaların verileri retrospektif olarak değerlendirildi. Çalışmaya multikalisiyel ve 2-3 cm boyutunda taşı olup opere edilen toplam 64 hasta dahil edildi (36 RIRC, 28 PNL). Bulgular: PNL grubunda majör komplikasyonlar, skopi, operasyon ve hastanede yatış süresi istatistiksel olarak daha yüksek bulundu. RIRC grubunda taş sayısı istatistiksel olarak daha yüksekti. Diğer parametreler arasında istatistiksel bir fark yoktu. Operasyon başarı oranlarında iki grup arasında istatistiksel olarak anlamlı bir fark bulunmadı. Sonuç: Literatürde 2-3 cm multikalisiyel böbrek taşlarında primer tedavi seçeneği PNL'dir. RIRC, anestezi riski yüksek olan, kanama bozukluğu olan ve vücut bütünlüğü PNL için anatomik olarak uygun olmayan hastalara uygulanabilir. Bu yöntem ayrıca potansiyel komplikasyonları azaltmak için kullanılır ve daha güvenilir bir seçenektir. Anahtar Kelimeler: 2-3 cm, Böbrek, Multikalisiyel, Perkütan nefrolitotomi, Retrograd intrarenal cerrahi, Taş with 18-gauge needles. A 0.035 inch J ended guidewire was introduced to the collective system via a needle. Dilation was achieved up to 30 Fr via Amplatz dilators. Later, a rigid nephroscope (26 Fr, Karl Storz ® ) was placed. Upon accessing the stone, fragmentation was achieved via a pneumatic lithotripter (Lithoclast; EMS, Nyon, Switzerland). The stones broken via the lithotripsy method were removed via forceps. According to the decision of the surgeon, due to intraoperative conditions, a JJ stent was placed intraoperatively. Percutaneous nephrostomy was performed until the end of the procedure. The time from the beginning of the endoscopy until the placement of the percutaneous nephrostomy was calculated as the operative time.
The success of the operation was assessed via fluoroscopy in the operating room at the end of the operation, and via KUB and US on the 1 st postoperative day. Detection of no stone or a residual fragment of <3 was considered success. JJ stents were removed three weeks later. Second session operation was performed in patients whose stones were not fragmented at the end of the operation or patients who had residual stones. Complications were assessed according to the Clavien-Dindo classification (7).
Statistical Analysis
The data were analyzed with SPSS for Windows 16.0 package program. Numerical measurement values were tested for normal distribution using the one sample Kolmogorov-Smirnov test. The difference in parameters, including gender, kidney anomaly, stone laterality, location, JJ stent usage, opacity, success and complications, between the two groups was analyzed using the Pearson chi-square test. The difference in age between the two groups was tested using Student's t-test. The difference in parameters, including stone number, stone burden, operative time, fluoroscopy time and length of hospital stay, between two groups was analyzed using the Mann-Whitney U test. A p value of less than 0.05 was considered statistically significant.
Results
When the demographic data and stone characteristics of the groups were examined, no statistically significant difference was detected in age, gender, stone radiopacity, stone laterality and stone burden between patients who underwent RIRS and PNL. When the groups were compared for body mass index (BMI), it was observed that the BMI value in RIRS and PNL groups was 26.4 and 25.9, respectively. The number of stones was statistically significantly higher in the RIRS group (Table  1) . Three patients had a BMI value of >30, five patients had a high operative risk according to the American Society of Anesthesiologists physical status classification system and four patients had a history of antiplatelet use. Therefore, RIRS was performed in these patients.
Operative time, fluoroscopy time and length of hospital stay were significantly shorter in RIRS group than in PNL group. The mean access number per procedure was found to be 1.39 in PNL group. Eleven patients required double access. The stone-free rate was higher in PNL group than in RIRS group. However, there was no statistically significant difference ( Table 2) . When the complications were examined, the rate of minor complications was higher in PNL group. No statistically significant difference was observed between the groups. In PNL group, the number of major complications was statistically significantly higher than in RIRS group (Table 3) .
In RIRS group, as an additional intervention, shock-wave lithotripsy was performed in 2 patients after an unsuccessful RIRS. Also 2 nd -session RIRS was performed in 4 patients. Additionally, five patients were followed up. In PNL group, as an additional intervention, RIRS was performed in 2 patients following an unsuccessful PNL. Four patients were followed up (Table 3) .
Discussion
In urology practice, multiple kidney stones are seen among patients with a rate of 20-25%. Studies on the employment of PNL and RIRS methods in multiple kidney stones are available in the literature (8, 9, 10) . However, there is no study comparing the efficiency or reliability of these two methods in the treatment of multicalyceal stones. Although the number of patients was low, this is the first study to compare these two methods in the management of multicalyceal stones measuring 2-3 cm.
The primarily recommended method in patients with a stone size larger than 2 cm is PNL (4). In a study which compared PNL and laparoscopic pyelolithotomy methods, PNL was performed in 39 patients with ≥2 cm kidney stones and the duration of operation and length of hospital stay was reported to be 110±54.6 minutes and 4.76±1.60 days, respectively. The success rate was 64.1% (8) . In another study, the stone-free rate in single access PNL for multiple kidney stones was found to be 94.1% (11) . In a study including 149 patients who underwent multiple access PNL, Singla et al. (12) reported a stone-free rate of 70.7%. In our study, in PNL group, the mean operative time and length of hospital stay were found to be 82.32±34.06 minutes and 4±1.44 days, respectively. Indwelling ureteral catheterization and turning the patient into the prone position caused longer operative time and removing percutaneous nephrostomy before the patient's discharge caused longer hospitalization periods. Group 1 patients had a higher number of stones, but when the stone burden was compared between the groups, group 2 had a higher stone burden even though it was not statistically significant. Therefore, we assume that the operative time in the group 2 was longer because the time to the entry into the collecting system was longer in group 2.
The overall stone-free rate was 78.6% and the success rate was 82.1%. No statistically significant difference was found in success rate between the PNL and RIRS groups. In their study including 48 patients with multiple kidney stones who were treated with RIRS, Alkan et al. (9) reported a stone-free rate of 100% and 84% in 23 patients with a stone burden less than 2 cm and 25 patients with a stone burden greater than 2 cm, respectively. Minor complications were observed in 6 patients (9) . A study conducted by Breda et al. (10) RIRS method was used in 27 patients with multiple kidney stones ≥2 cm. After the first treatment, stone-free rate was reported as 52% and after two procedures, the total stone-free rate was reported as 85.1%. The overall complication rate was 13.6%. Takazawa et al. (13) reported a stone-free rate of 69% and 84.6%, respectively following the 1 st and 2 nd sessions in patients with ≥2 cm multiple kidney stones. We found a stone-free rate of 69.4% and complication rate of 8% in RIRS group. While double J stent placement rate was 86.1% in RIRS group, this rate was found to be 28.6% in PNL group. Serious complications are observed in patients undergoing PNL. This method requires multiple accesses for multiple stones, which increases the risk of complications. A study in the literature indicated that fever (21-32.1%), blood transfusion (11.2-17.5%), extravasation of urine (7.2%), sepsis (0.3-4.7%), colon injury (0.2-0.8%), pleural injury (0.3-1%), perioperative mortality (0.3-0.78%) can be seen during and after PNL (14) . In our study, minor complications were seen in 4 patients and major complications were seen in 3 patients in PNL group. The complication rate was statistically significantly higher in PNL group. This was the result of the need for multiple access in PNL operation.
In RIRS, the rate of complication is between 6% and 16% (15, 16) . The most commonly reported complications include urinary system infection, minor ureteral injury, hematuria and postoperative renal colic (10, 15, 16) . In our study, no major complication was observed in RIRS group. However, minor complications were seen in 3 patients. Two patients had fever and 1 patient had urinary tract infection.
In our study, operative time, duration of fluoroscopy and length of hospital stay were found to be longer in PNL group than in RIRS group. In the literature, there is only one study available reporting shorter operative time in RIRS than PNL for stones larger than 2 cm (17). However, in comparison of RIRS and PNL, multicaliceal stones 2-3 cm in size were not distinguished in other studies. The time required for multiple percutaneous accesses in multicalyceal stones extended the duration of fluoroscopy and operative time in PNL group. Advances in flexible renoscopy and laser technology and growing experience have also shortened operative time in RIRS. In our study, the time required for the withdrawal of percutaneous nephrostomy extended the length of hospital stay in PNL group.
Study Limitations
Our study has some limitations. Retrospective design and the low number of the patients included in the study are among the limitations. Our clinic is a center that works intensely for urolithiasis. However, the number of patients was limited due to the retrospective design of the study and the patients in the study were a specific subgroup under the title of urolithiasis. Further prospective studies with larger sample size are needed.
Conclusion
As a result, in the treatment of 2-3 cm multicalyceal stones, PNL is the primary method to be selected. In patients with comorbidity who have higher risks associated with anesthesia and, bleeding disorder and, those with anatomic abnormalities who are not suitable for PNL, in order to reduce the number of potential complications, RIRS is a method that should be used. In addition, considering the greater rate of major complications associated with PNL, as well as multiple access, we observed that RIRS was a more reliable method in the treatment of 2-3 cm multicalyceal kidney stones.
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